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A method for the forced anaerobic decomposition of 
waste material, 

5 The present invention relates to a method for recover- 
ing combustible gas, soil substance and fuel fraction 
from waste that contains organic carbon, by forced 
anaerobic decomposition of shredded organic waste. 

10 Background art 

It is known that natural anaerobic decomposition of 
waste and like material containing organic carbon can 
be achieved. The decomposition process is normally of 
long duration, due to the fact that the process vari- 

15 ables are far from being optimal. 

However, many attempts have been made to optimize the 
anaerobic decomposition of organic material. For in- 
stance, Lantmannen no 14 (1979) pages 17-18, describes 
20 the anaerobic decomposition of fertilizers with the 

intention of obtaining methane gas. In this case, the 
fertilizer is pumped into a container and flows through 
the container while decomposing and producing methane 
gas, which is collected in a plastic-fabric container. 

25 

US-A-3 ,586 ,624 teaches a method in which waste is 
stacked on a liquid- impermeable support and water is 
allowed to flow continuously through the waste, with 
the intention of acceleration decomposition and reduc- 
30 ing the risk of fire. It is also possible to leach-out 
compounds and separate these compounds from the drai- 
nage liquid. 

US-A-4,323,367 teaches a method in which a container is 
35 filled with waste and the gas generated recovered and 
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liquid is recycled. 

US-A-4,396,402 teaches a variant of the method just 
mentioned. 

5 

DE-A-27 08 313 teaches a method in which waste is 
ground to an appropriate size prior to being fed into a 
digestion vessel. WO-A 84/03694 teaches apparatus for 
the anaerobic decomposition of waste* This apparatus 
10 includes a fermentation container and a conduit system 
for removing gas from a plastic-sheet covering. 

EPA-0 182 143 relates a dump or terminal depository 
placed on a plastic sheet on the ground and provided 
15 with an oxygen sensor which functions to control the 
gas outtake through valves provided in suction pipes. 
This publication makes no mention of leaching-water 
circulation or heating. 

20 DE-C2-34 25 785 also teaches a static dump. No mention 
is made of water-recycling or heating. Gas is removed 
from a "gas tank" constructed from sheet material. The 
structural members of the system cannot be reused. 

25 EP-A1-0 173 667 teaches a system for withdrawing gas by 
suction from a static dump, in which the fuel calorific 
value of the gas removed is increased by washing carbon 
dioxide from the gas and using the wash water to supply 
dissolved carbon dioxide in the wash water. The leach- 

30 ing water is not recycled. The gas generation period is 
said to be about 30 years. 

DE-A1-34 25 788 teaches a method of constructing a 
waste dump provided with a passageway system in which 
35 three separate pipe systems are used to introduce 
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water, extract gas and remove water and intermediate 
layers with gas-impervious sheets. The system comprises 
a fixed or permanent pipe system which results in a 
higher consumption of pipe material. Gas can be stored 
in deep chambers protected by the plastic sheets in 
intermediate layers. No pH- adjustments are made. The 
publication makes no mention of heat insulation. The 
gas-extraction pipes and water pipes cannot be reused. 

DE-A1-31 09 120 relates to a terminal storage arrange- 
ment in which carbon dioxide is washed with water from 
the gas extracted from the deposited material and 
returned to rhe arrangement, thereby reducing the nit- 
rogen content of the gas generated , by biological con- 
sumption of nitrogen. 

Finally, reference is also made to FR-A-1 017 119, 
which is directed to an arrangement incorporating a 
removable dome and teaches a: process which is self- 
heating. 

All of the aforesaid methods require the provision of 
permanently mounted apparatus and incur relatively 
large investments. It is obvious that investment costs 
are high, due* to the relatively long decomposition 
times involved, consequently, there is a need for an 
inexpensive and non-complicated arrangement or system 
which can be controlled to produce a reproducible 
result. 

Accordingly, the present invention relates to a method 
for recovering combustible gas from waste material that 
contains organic carbon, by forced anaerobic decomposi- 
tion of shredded organic waste, such as domestic waste, 
food waste and sludge from purification systems. The 
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present invention therefore provides a method for reco- 
vering combustible gas, soil and a fuel fraction from 
waste that contains organic carbon, by forced anaerobic 
decomposition and classification (sorting), which 
5 method is characterized by the steps of shredding the 
waste to a particle size at which said shredded waste 
can pass through a sieve having a sieve opening of 20- 
100 mm; depositing the shredded waste on a liquid- 
impervious support structure provided with drainage 
10 channels such as to form a waste-material bed or heap; 
covering the bed of shredded waste with a heat-insulat- 
ing and sealing layer; inserting gas-collecting nozzles 
through the covering layer, said nozzles being connect- 
ed through flexible hoses on the upper surface of the 
15 bed to a gas-collecting pipe which is located on the 
upper surface of said bed and through which the gas 
generated by forced decomposition is extracted by suc- 
tion; inserting watering nozzles through the covering 
layer, said nozzles being connected, through flexible 
20 hoses located on the upper surface of the bed, to a 

central watering pipe located on the upper surface of 
saidbed; forcibly decomposing the waste and, during the 
decomposition period, controlling the temperature, 
moisture content, bacteria content and pH of said bed 
25 by heating and conditioning the bed of waste. material 
with leaching water which exits through the drainage 
channels provided in the support structure and which is 
heated to a temperature suitable for decomposition and 
the pH of which is adjusted to a value suitable for 
30 decomposition and returned to the bed through the wate- 
ring nozzles disposed therein; continuing the decom- 
position process until the generation of gas has ter- 
minated; removing the gas-collecting nozzles, gas- 
collecting pipe, watering nozzles, watering pipe and 
35 connecting hoses from the bed of decomposed material, 
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optionally for reuse with another bed of shredded mat- 
erial; and thereafter transporting the bed material to 
a classifier in which the waste residues are divided 
into a soil fraction and a fuel fraction. 

The heat-insulating layer is preferably earth, peat or 
some other material which can be mixed to no disadvan- 
tage with the waste in the final -use stage or dumping 
stage. The thickness of the insulating layer is contin- 
gent on the insulating properties of the material 
concerned, the ambient climate and the heat losses 
permissible through the insulating layer under chosen 
conditions . 

The heat-insulating layer is covered with a moisture- 
retaining layer, which may either comprise an air- 
impervious and water- impervious elastic sheet material, 
such as a plastic material, or a rubber sheet optional- 
ly reinforced with fibres. Alternatively, to provide 
greater mechanical strength, the heat-insulating sheet 
or layer may consist of a fabric material or natural 
soil material having a higher proportion of fine par- 
ticles, or a coarser soil material admixed with ben- 
tonite, wood ash or the like. The artificial heat-in- 
sulating covering material can be reused upon comple- 
tion of the decomposition process, whereas a covering 
layer of natural material can be admixed with the soil 
derived from the fully-decomposed waste. When the heat- 
insulating covering comprises a natural material, the 
thickness of the covering is determined by the nature 
of the material, atmospheric precipitation, and on the 
imperviousness of the material to water and air. In 
order to adjust the air-imperviousness of the material, 
the surface of said material can be watered at suitable 
intervals, the amount of water delivered to said mater- 
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ial being determined on the basis of the oxygen-content 
of the gas removed from the decomposing material. The 
moisture-retaining covering prevents combustible gas 
from leaking freely to the surroundings, even though it 
5 is not gas-impermeable in the true meaning of the 
expression . 

The liquid-impermeable support structure will preferab- 
ly be almost flat, so that the shredded waste material 
10 can be disposed on said support structure and the de- 
composed material removed therefrom with the aid of 
simple bucket loaders and like machines. However, the 
support structure must be configured so that the leach- 
ing water generated will flow to a leaching-water 
15 channel, from which the leaching water can be carried 
to a leaching-water reservoir or well. Leaching water 
can then be taken from the reservoir, reconditioned 
with respect to temperature, bacteria-content and pH- 
value, and returned to the decomposing waste material 
20 through a watering pipe located centrally on the waste- 
material pile and through hoses provided with watering 
nozzles extending from said central pipe. The leaching 
water is reconditioned by measuring the pH-value of the 
water and adjusting the water to a pH of about 7. 
25 During the initial stage of the decomposition process, 
the pH of the leaching water will normally lie con- 
siderably below 7, due to the release of fatty acids. 
Consequently, particularly during the initial stage of 
the decomposition process, a neutralizing base must be 
30 supplied through the leaching-water system or by ad- 
mixing with the waste a neutralizing base, such as 
calcium hydroxide, calcium carbonate or some other 
known basic substance which will not impurify the end 
product with regard to its desired use. An excessively 
35 low pH-value will inhibit the generation of methane 
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gas. In the case of anaerobic fermentation processes, 
decomposition normally takes place at an optimum tem- 
perature of about 3 5-40 °C, and consequently the leach- 
ing water may be heated prior to being recycled to the 

5 waste material bed, at least at low ambient tem- 
peratures. The leaching water is preferably heated by 
heat-exchange with the compressed gas and by combustion 
of generated combustible gas with the aid of means 
known to the skilled person, such as a gas-fired boiler 
10 or the like. It will be understood, however, that the 
recycled leaching water can be heated with the aid of 
other heating sources, such as oil or gas or electrical 
heating. The leaching water may also be heated through 
a closed heating loop disposed in the bottom of the bed 

15 of waste material, through which heating is effected 
either with hot water or with the aid of electrical- 
heating means. 

It is also beneficial to ascertain the bacteria content 
20 of the waste-material bed, for instance with the aid of 
known methods, such as by preparing suitable substrate 
cultivations, dying dried preparations for subsequent 
microscopic examination, etc. 

25 Combustible gas generated by the decomposition process 
is removed from the bed by gas-collecting nozzles in- 
serted thereinto, and is withdrawn by suction through a 
centrally located gas-collecting pipe to the suction 
side of a gas-pump/compressor/fan or like apparatus. 

30 The gas-pump/compressor /fan functions to compress the 
gas to an overpressure of max 400 kPa and to deliver 
the pressurized gas to the consumer. The oxygen-content 
of the withdrawn gas is used as a basis for ascertain- 
ing whether or not excessive quantities of air have 

35 been drawn in to the bed and therewith having a 
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disturbing effect on the anaerobic decomposition pro- 
cess and that the waste-material bed is nevertheless 
under subpressure. When the gas withdrawn from the bed 
contains excessive oxygen, the bed covering is sealed 
5 against the ingress of gas , whereas when the oxygen 

content is excessively low, the amount of gas withdrawn 
from the waste-material bed is increased, by increasing 
the pressure in the bed. The extracted and compressed 
gas is then cooled in a gas cooler and dewatered in a 
10 water separator and in a gas drier, the resultant water 
condensate being removed. Part of the gas recovered is 
used to reheat the leaching water, the amount of gas 
required being contingent on ambient temperature, heat 
losses in the waste-material bed and possible heat 
15 losses in watering pipes and nozzles. At low tem- 
peratures, it may be necessary to insulate the watering 
pipes through which reheated leaching water is returned 
to the bed. The energy-consumption calculated in res- 
pect of a waste-material bed for forced anaerobic de- 
20 composition of domestic waste in central Sweden is 
about 10% of the gas -energy taken from the bed. 

If desired, the gas can be enriched with regard to 
desirable components, by absorption of carbon dioxide 
25 for instance. 

A relatively high moisture content, normally a moisture 
content of from 70 to 90% by weight, is required to 
obtain optimum decomposition. The moisture content is 

30 controlled by circulation of the leaching water. As a 

result of using the leaching water to reheat the waste- 
material bed to an optimum, desired decomposition tem- 
perature, the amount of thermal energy supplied through 
the leaching water will be dependent on the amount of 

35 leaching water that must be recycled in order to 
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maintain a satisfactory moisture content of the bed. 
Thus, in the case of high ambient temperatures, the 
leaching liquid recycled to the bed need only be heated 
to a small extent, or need not be heated at all, where- 
5 as in the case of low ambient temperatures, it may be 
necessary to supply more water than is necessary to 
maintain the moisture content at said desired level, 
since the recycled water cannot be heated to a tempera- 
ture at which it would impair the decomposition process 
10 when reintroduced into the bed. 

Optimum decomposition s of the material throughout the 
whole of the bed also requires a given balance between 
carbon and nitrogen, estimated at a mole ratio of 60:1 
15 between carbon and nitrogen. When necessary, this 

balance is controlled by adding carbon and nitrogen to 
the leaching water in the leaching-water reservoir from 
which said leaching water is returned to the waste- 
material bed. 

20 

The particle size of the waste is of great importance 
to the total attack surface of the bacteria on waste 
constituents, and therewith also on the decomposition 
rate. The volumetric weight or bulk density of the 
25 waste in the established waste-material bed is signifi- 
cant to gas permeability, leaching-water dispersion and 
heat-transfer in the bed. The waste is processed by 
shredding the waste to particle sizes of less than 100 
mm, preferably from 20 to 50 mm, depending on the type 

30 of waste concerned. The volumetric weight or bulk den- 
sity of the waste in an established waste-material bed 
is determined with respect to the particle size of the 
waste and the type of the waste concerned, and may be 
between 0.4 and 0.7 tonne/m 3 , which is achieved by 

35 compacting the waste or placing the waste in pallets of 
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appropriate height. 

•An important advantage is afforded by the possibility 
of using leaching water that is taken from a waste- 
5 material bed in which the decomposition process is 

relatively well established for the purpose of initia- 
ting the decomposition process of a newly-established 
waste-material bed. Consequently, it is obvious that in 
order to obtain optimum processing of the waste, a 
10 number of beds should be established in one and the 
same location. This will enable a central leaching- 
water reconditioning plant to be erected for a large 
number of waste-material beds. Thus, in a waste treat- 
ment station fresh beds can be constantly constructed 
15 and demolished for reuse or final-dumping of the spent 
waste subsequent to completion of the decomposition 
process, which is estimated to take from one to two 
years. The fuel fraction is separated from the decom- 
posed residues, by rough-sorting of the residues in a 
20 helical sieve or the like. When the waste residues are 
to be used as a soil improving agent, a soil fraction 
is extracted from said residues with the aid of a vib- 
ratory sieve or the like, so as to separate crushed 
glass, pieces of metal, etc., from the soil extracted. 

25 

The invention will now be described in more detail with 
reference to the accompanying drawings, in which Figure 
1 is a perspective, sectional view of a waste-material 

30 bed or heap; and Figure 2 illustrates schematically a 

waste treatment station which incorporates arrangements 
according to the invention. The waste-material bed 
illustrated in Figure 1 is constructed on smoothed, 
natural ground which slopes towards one or more central 

35 drainage channels 4. The ground surface 1 has been 
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compacted and is covered with a bottom structure made 
of an essentially water- impervious material 2, which 
can consist of compressed soil with a sheet of plastic 
placed on the upper side thereof , asphalt, concrete, 
5 rubber or plastic fabric or the like. The bottom struc- 
ture slopes gently towards the drainage channel or 
channels. Shredded and compacted waste material, such 
as domestic waste, garden waste, forest waste, agricul- 
tural waste, biomass, organic industrial and commercial 
10 waste and like waste material containing organic, de- 
composible carbon is disposed on the bottom structure 
2 such as to form a waste-material bed. As before men- 
tioned, the waste material will preferably have a par- 
ticle size of between 20 and 100 mm, measured as the 
15 quantity of material capable of passing through a sere- 
en having a mesh width of 20-100 mm. Subsequent to 
compaction, the waste material will preferably have a 
bulk density of 0.4-0.7 tonne/m . The waste-material 
bed illustrated in Figure 1 has an elongated conf igura- 
20 tion, although it will be understood that the geometry 
of the bed will depend on the conditions prevailing at 
the site on which the bed is constructed. When the 
waste treatment station includes a plurality of waste- 
material beds, all beds will preferably have mutually 
25 similar size and shape. The leaching-water drainage 

channel or channels 4 may consist of one or more per- 
forated drainage pipes made of plastic, rubber or like 
material, disposed in a drainage ditch which is filled 
with filtering sand, gravel or like filtering material. 
30 The leaching-water drainage system will preferably 
slope uniformly towards the lower end of the waste- 
material bed, where the drainage ditch is covered and 
merges with an imperforate conduit, which in turn leads 
to a leaching water reservoir or well. The waste is 
35 covered with a heat-insulating covering 5 comprising 
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organic material of low thermal conductivity index, 
such as dry humus, powdered peat or the like. The cove- 
ring material shall be of a nature which will enable 
said material to be admixed with the soil derived from 
5 the decomposed waste, without having a disturbing ef- 
fect thereon. The thickness of the heat-insulating 
covering is determined by the insulating properties of 
the material concerned, the ambient climate and the 
permissible heat losses through the insulating covering 
10 under optimum climatic conditions. The heat-insulating 
covering covered with an essentially air-and-water 
impervious layer consisting of artificial, elastic 
material such as plastic or rubber-fabric or like mate- 
rial, or by natural material, such as soil which 
15 contains a high proportion of fine particles, or a 

coarser soil admixed with bentonite, wood ash or the 
like. A perimeter wall 7 of compressed soil is con- 
structed around the waste-material bed as a support for 
said bed and as a means for preventing water from 
20 escaping through the bed perimeter. A gas-collecting 
pipe 8 and a watering pipe 11 are placed, preferably 
centrally, on the upper surface of the bed. The pipes 8 
and 11 are preferably made of an elastic material, such 
as polyethylene, glass-fibre reinforced plastic or the 
25 like. The pipes, or conduits, are drawn from a gas- 
pumping station, illustrated in Figure 2. Branching 
from the main gas conduit are flexible hoses 9, each of 
which is provided with gas-collecting nozzles 10. The 
hoses are preferably placed on top of the covering 
30 layer and are heat-insulated, as is also the central 
pipe. 

The gas-suction nozzles 10 are made of steel or plastic 
material and are perforated along the bottom 2/3rds of 
35 their lengths. The gas nozzles are inserted through the 
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covering and insulating layers, so that the perforated 
parts of said nozzles are located in the bed of waste 
material, and are connected to respective gas-collect- 
ing hoses. The number of gas nozzles used and the leng- 
5 ths of respective nozzles is determined by the surface 
area of the waste-material bed and the suction effect 
desired. The length dimension of respective gas-suction 
nozzles is dependent on the position of the nozzle in 
the bed, and it is ensured in this respect that the 

10 suction holes of the nozzle are well distributed in the 
quantity of waste-material in the bed. The bed is also 
provided with a centrally positioned watering pipe 11, 
made of polyethylene, glass-fibre reinforced plastic 
material or the like, which is dimensioned with respect 

15 to the quantity of leaching water to be recycled. Bran- 
ching from the central watering pipe are hoses 12 prov- 
ided with watering nozzles 13. Similar to the gas-col- 
lecting nozzles, the watering nozzles are made of an 
appropriate corrosion-resistant metal or plastic mater- 

20 ial and are perforated at their lower ends and provided 
with control valves at their upper ends. As before- 
mentioned, the nozzles are inserted into the upper part 
of the waste-material bed and the number of nozzles 
used is determined with regard to the amount of leach- 

25 ing water that must be supplied to the bed and with 
regard to the need of maintaining a desired moisture 
content and temperature of the bed. 

The illustrated waste-material bed is also provided 
30 with a heating loop 14 which functions to circulate 

heated water and to give-off heat to the bottom layers 
of the bed. The loop is made of an elastic material, 
such as polyethylene, glass-fibre reinforced plastic 
material or the like, and is placed directly on the 
35 bottom 2 of the bed. The loop is connected to a 
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circulation pump and to a heat exchanger, which func- 
tions to heat the water by heat-exchange with a heating 
boiler, said boiler being fired with oil or gas, or is 
electrically heated. The length of the heating loop 14 
5 in the bed and the dimensions of said loop are deter- 
mined with regard to the heat reguirement in the bottom 
of the bed and by the specific capacity of the loop to 
transfer thermal energy to the bed. The loop may also 
comprise an insulated heating cable for electrical 
10 heating . 

Figure 2 illustrates schematically a plurality of 
waste-material beds 15 and the site of a future bed 16. 
Conduits for draining leaching water 17 extend from 
15 respective beds to a leaching water reservoir or well 
18, where the leaching water is reconditioned. The 
leaching water is pressed from the reservoir by means 
of a pump 19 , and is carried through a conduit 20 to a 
gas-pumping station 21, where the leaching water is 
20 heated, first by cooling in a compressor with gas coo- 
lers 22 and then further in a gas or oil boiler 23. The 
leaching water is thereafter pressed through a heat 
exchanger 31, in which part of the thermal energy is 
transferred to a heating coil and out to the respective 
25 waste-material beds, where the water is injected into 

the waste material through said leaching-water nozzles. 
For the purpose of further distributing thermal energy 
within the beds, heating loops 24 are placed in the 
bottoms of respective beds and in the illustrated fu- 
30 ture bed 16. The warm water carried by the heating 

loops is circulated in closed, insulated conduits 25 by 
means of a circulation pump 26 and obtains thermal 
energy from the heat exchanger 31. Gas is sucked from 
the beds through gas nozzles and gas hoses and gas 
35 conduits 27 to the compressor (or gas pump or fan) 22 
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and is pressed therefrom to the consumer, via a pres- 
sure conduit 28 and a gas drier 29. Part of the gas is 
used in the gas boiler to heat the leaching water, 
prior to returning said water to the waste-material 
5 bed. Gas extraction and leaching-water recycling is 

controlled bedwise with the aid of valves 3 0 incorpo- 
rated in control reservoirs or wells • 

It will be understood that the invention is not res- 
10 tricted to the described and illustrated embodiments 
and that modifications and changes can be made within 
the scope of the inventive concept as defined in the 
following claims. 
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CLAIMS 

1. A method for recovering combustible gas., soil and a 
5 fuel fraction from waste material that contains organic 
carbon by forced anaerobic decomposition and classi- 
fication, characterized by the steps of 
shredding the waste to a particle size in which the 
shredded waste can pass through a screen having a scre- 
10 en opening of 20-100 mm; placing the shredded waste on 
a liquid-impervious support provided with drainage 
channels, such as to form a bed on said support; cover- 
ing the bed of shredded waste-material with a heat- 
insulating and sealing layer; inserting gas-collecting 
15 nozzles through the covering layer, said nozzles being 
connected, via flexible hoses on the upper surface of 
the bed, with a gas-collecting pipe arranged on the 
upper surface of said bed and through which gas- 
collecting pipe the gas generated by said forced decom- 
20 position process is extracted by suction; inserting 

watering nozzles through the covering layer, said wate- 
ring nozzles being connected, via flexible hoses on the 
upper surface of the bed, to a central watering pipe 
arranged on the upper surface of said bed; subjecting 
the waste-material in said bed to forced decomposition; 
controlling such parameters as temperature, moisture 
content, bacteria content and pH-value during the de- 
composition period by heating and conditioning leaching 
water which flows-out through the drainage channels 
30 provided in the support structure and which is heated 
to temperatures appropriate for said decomposition 
process and the pH of which leaching water is adjusted 
to pH-values appropriate for said decomposition pro- 
cess; recycling the leaching water to the bed through 
35 the watering nozzles arranged therein; continuing the 



25 
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decomposition process until gas generation ceases; 
removing the gas-collecting nozzles, gas-collecting 
pipes, watering nozzles, watering pipes and connecting 
hoses from the bed for optional reuse on a fresh waste- 
5 material bed, and conveying the bed to a classifying 
apparatus in which the waste-material residues are 
divided into a soil fraction and a fuel fraction. 

2 . A method according to Claim 1, charac- 
10 t e r i z e d in that the heat-insulating covering 

layer is soil, peat or some other material which can be 
admixed with the soil fraction of the decomposed waste- 
material for final use. 

15 3. A method according to Claim 1, charac- 
terized in that the impervious covering is 
plastic sheeting, optionally reinforced, or comprises 
an impervious layer of natural soil material having a 
high proportion of fine particles, or a coarser soil 

20 admixed with bentonite, wood ash or the like and which 
can be mixed with the soil fraction of the decomposed 
waste-material to no disadvantage to the final use of 
said soil fraction. 



25 4. A method according to Claim 1, charac- 
terized in that the liquid-impervious support 
structure is sufficiently flat to enable the bed of 
waste-material to be constructed thereon and removed 
therefrom with the aid of bucket loaders or like machi- 

30 nes. 

5. A method according to any one of the preceding 
claims, characterized, in that the leach- 
ing water is passed to a leaching-water reservoir or 
35 well, via drainage pipes; and in that the leaching 
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water is pumped back to the waste-material bed. * 

6. A method according to Claim 5, charac- ^ 
terized by measuring the pH of the leaching 

5 water and adjusting the pH of the leaching water re- 
cycled to the waste-material bed to about 7 and, when 
necessary, adding carbon and nitrogen to said bed. 

7. A method according to Claim 6, charac- 

10 terized by heating the leaching water recycled 
to the bed to a temperature which under steady state 
conditions will provide a bed temperature of 35-40°C. 

8. A method according to Claim 1, charac- 

15 terized by measuring the oxygen content of the 
gas extracted from the bed, and by adjusting the sub- 
pressure in the bed on the basis of the resultant oxy- 
gen values, in a predetermined manner. 

20 9. A method according to Claim 8, charac- 
terized by compressing, cooling and drying the 
extracted gas, so as to reduce the moisture content of 
the gas. 

25 10. A method according to Claim 1, charac- 
terized by using part of the combustible gas 
extracted from the bed to heat the leaching water to a 
desired temperature for recycling to said bed. 

30 11. A method according to any one of Claims 5-10, 
characterized by heat-insulating the 
watering pipe and hoses connected thereto through which 
heated leaching water is returned to the bed. 

35 



DOCID: <WO 901 5031 A 1 J_> 



WO 90/15031 



PCT/SE90/00369 



19 

12. A method according to Claim 1, charac- 
terized by supplying additional heat to the bed, 
by circulating heated leaching water through a heating 
loop disposed in the bottom of the bed. 
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